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ABSTRACT 
 
Background: The aim of this study was to detect and characterize Cryptosporidium spp. in water 
samples collected from recreational ponds of Chaharmahal va Bakhtiyari Province of Iran . 
Methods: Thirty water samples were collected  from November 2009 to May 2010. Each sample 
contained 10 liters of water. We used the SSU rRNA-based PCR-RFLP technique.  
Results: Out of thirty samples examined, 6 (20%) were positive for different Cryptosporidium 
spp. Restriction pattern analysis showed that C. parvum has been the most prevalent genotype, 
followed by C. hominis  and C. canis , respectively. In this area, the higher prevalence of C. par-
vum compared with other genotypes is consistent with the distribution of cattle. 
Conclusion: Farm animals, particularly cattle are
 the main source of cryptosporidial contamina-
tion for recreational waters in this area. 
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Introduction 
 
ryptosporidium  is  a  coccidian 
parasite  assigned  to  the  phylum 
Apicomplexa.  Initially,  the 
parasite  was  considered  host  specific  and 
species were named for 20 or more animal 
species from which they isolated. However, 
cross-transmission experiments revealed that 
more  than  one  animal  species  could  be 
infected  by  the  same  Cryptosporidium 
species (1-3).
 
There  are  currently  14
  described  species 
within the genus Cryptosporidium (4, 5) and
 
more than 33 unique host-adapted genotypes, 
with  only  C.  hominis,
 C.  hominis  monkey 
genotype, C. parvum, C. muris, C. felis, C.
 
meleagridis, C. canis, C. suis, and Crypto-
sporidium cervine
 genotype demonstrated to 
cause infections in humans (6,7). 
Contaminated water has been implicated as 
the source of  infection  in travelers and  for 
various outbreaks in some countries, e.g., the 
United  States.  Spread  of  the  parasite  via 
sexual  activity, aerosolization,  fomites, and 
contaminated food has been suggested (8).  
Unlike bacterial pathogens, Cryptosporidium 
oocysts are resistant to chlorine disinfection 
and can  survive  for days  in treated recrea-
tional water venues (e.g., public and residen-
tial  swimming  pools  and  community  and 
commercial water parks) (9). 
Since low numbers of C. parvum oocysts are 
often found in the environment (6) and the 
number of oocysts required to cause infec-
tion is relatively low (10), a rapid and sensi-
tive method is essential for the detection of 
Cryptosporidium  oocysts  in  environmental 
samples, e.g. water sources. 
For  decades,  microscopy  was  the  sole 
method for detecting oocysts, first by direct 
fecal  smears  routinely  stained,  and  later 
stained by IFA techniques. Immunofluores-
cence  assay  (IFA)  which  has  been  widely 
used for the detection of Cryptosporidium in 
water samples but these methods  are time-
consuming, labor intensive, and is subject to 
false positive and negative results (10). On 
the other hand, works based on detection of 
genus specific antigens on the surface of or-
ganism  only  provides  detection  on  genus 
level  (11,  12).  Recently,  genetic  methods, 
which  are  based  on  detection  of  Cry-
ptosporidium nucleic acid, by hybridization 
and  amplification  techniques  such  as  PCR, 
have  been  developed  (12,  13).  Moreover, 
many  genotyping  tools  have  been  used  to 
differentiate  between  Cryptosporidium  spe-
cies in humans. The PCR primers of earlier 
tools were mostly based on antigenic, struc-
tural, housekeeping genes and unknown ge-
nomic fragments of C. parvum, and included 
various formats of detection and differentia-
tion (14, 15). With few exceptions, most of 
these techniques can efficiently differentiate 
C.  parvum,  C.  hominis  and  perhaps  C. 
meleagridis,  but  are  unlikely  to  amplify 
some of the more distant species (such as C. 
canis, C. felis, C. muris and C. andersoni). 
Therefore, these genotyping tools are mostly 
replaced  by  the  genus-specific  PCR-RFLP 
techniques  based  on  the  SSU  rRNA  gene, 
which  have  higher  sensitivity  and  allow 
broad species detection (16-18). 
Recently, a SSU rRNA-based  nested PCR-
RFLP technique has been developed for
 the 
differentiation  of  Cryptosporidium  species 
and C. parvum strains
 in clinical samples and 
water supplies (15, 17).  
The work of Mohammadi et al. on Ardabil 
River water samples showed that among 30 
samples were examined, 11 samples showed 
positive results. Restriction pattern analysis 
showed C. andersony as the most common 
species  with  7  cases;  followed  by  with  3 
cases and C. suis with 1 case (18). 
The objectives of the present study were to 
detect  of  Cryptosporidium  spp.  in  Shahre-
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kord recreational water sources in Chaharm-
ahal  and  Bakhtiari  Province  in  Iran  and to 
determine which species and genotype of the 
parasites are present, by  means of a  mole-
cular assay because this area has 10% of wa-
ter  source  of  Iran  and  most  outbreak  of 
Cryptosporidium occur with waterborne tra-
nsmission. 
 
Material and Methods 
 
Samples and Methods 
Thirty  water  samples  were  collected  from 
Choghakhor,  Gandoman  and  Ben  ponds 
from  November  2009  to  May  2010.  Each 
sample contained 10 liters of water. To col-
lect Cryptosporidium oocysts, samples were 
filtered through a membrane filter (pore size, 
1.2  µm;  Mililipore  Corp.,  Bedford,  Mass). 
The filter-trapped pellets were removed by a 
sterile scalpel blade and transported to a 1.5 
mL  microtube  containing  2.5%  potassium 
dichromate  (18).  To  increase  the  oocysts 
recovery, several pellets from the same sam-
ple  were  collected  in  the  microtubes.  The 
tubes were stored at 4 ˚C for DNA extraction. 
All  of  the  preserved  samples  were  washed 
seven times with 1mL of PBS (pH= 7.3) and 
centrifuged at 14000 × g for 1 min (18). 
Briefly,  DNA  was  extracted  through    five 
freeze-thaw  (-70˚C)  cycles  and  purified  by 
using  QIAamp  DNA  Mini  isolate  columns 
(Qiagen,  Germany).Molecular  profiling  of 
Cryptosporidium  spp.  was  carried
  out  by 
nested  PCR-Restriction  Fragment  Length 
Polymorphism  (PCR-RFLP)
 analysis  of  the 
small  ribosomal  subunit  RNA  (18S rRNA) 
gene
 with primary and secondary primers as 
described by Xiao et al.  
For restriction fragment analysis, 5 µl of the 
secondary PCR products was digested  in a 
20-µl  reaction  mixture  containing
  10 U  of 
SspI (Fermentas, EU) (for species
 diagnosis) 
or  10 U  of  VspI  (Fermentas,  EU)  (for
 
genotyping  of  C. parvum)  and  2 µl  of  the 
appropriate restriction
 buffer at 37°C for 6 h , 
under conditions recommended by the sup-
plier.
 The  digested  products  were  fraction-
ated on an 8.0% acrylamide gel
 and visual-
ized after silver nitrate bromide
 staining. The 
species were characterized according to Xiao 
et al. (17). 
 
Results  
 
Out  of  the  thirty  water  samples  examined, 
six  samples  (20.0%)  showed  positive  PCR 
amplification by nested PCR (Table 1).  
Species  diagnosis  carried  out
  by  digesting 
the secondary PCR product with SspI (Fig. 
1).  C.
 parvum  generated  3  visible  bands  of 
448, 247, and 106 bp and generated 3 visible 
bands  of  417, 254, and  105 bp  (15).  To 
differentiate human and bovine genotypes
 of 
C. parvum, the secondary PCR product was 
digested with VspI
 (Fig. 2). 
The  C. parvum  produced  two  visible
 bands 
of  628 and  104 bp,  whereas  C. parvum  hu-
man genotype produced two
 visible bands of 
556 and 104 bp due to the presence of one 
additional
 VspI restriction site. 
 
 
Table  1: Cryptosporidium  spp. and geno-
types in water samples from various recrea-
tional ponds 
 
 
 
 
 
Location 
species 
No. 
sam-
ples 
 
Vol. fil-
tered/sample(lit) 
No. of 
positive 
samples 
 
Cryptosporidium 
spp. 
Gandoman  10  10  2.0  C. hominis 
C. parvum 
Choghakhor  10  10  3.0  C. parvum 
C. canis 
Ben  10  10  1.0  C. parvum Manouchehri Naeini  et al. : Detection and Molecular Characterization of Cryptosporidium  … 
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Fig.1: Differentiation of Cryptosporidium species and genotypes in recreational water samples 
with the small- subunit rRNA-based PCR-RFLP technique. Secondary PCR product was digested 
by SspI restriction enzyme. Lane M molecular weight marker, lane 1 C.
 canis, lane 2-6 C.
 parvum 
 
 
Fig.2: Differentiation of Cryptosporidium species and genotypes in recreational water samples 
with the small- subunit rRNA-based PCR-RFLP technique. Secondary PCR product was digested 
by  VspI  restriction  enzyme.  Lane  M  molecular  weight  marker,  lane  1  C.
 hominis,  lane  2-5 
C. parvum Iranian J Parasitol: Vol. 6, No.1, 2010, pp.20-27 
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Discussion 
 
The rate of positive results obtained in this 
study  (20%)  is  nearly  similar  to  Karanis  et 
al. (18.1%) (19) but differ from a number of 
such studies. For example Xiao et al. (2000) 
(17) found a higher rate of positive PCR re-
sults, 88.4%. A number of factors, including 
climatic  conditions,  locations  of  sampling, 
number, and volumes of samples examined, 
number and diversity of animals in the areas, 
type  of  ecosystems,  season,  and     some of 
technical  difficulties  for  the  recovery  of 
Cyptosporidium oocysts from the water sam-
ples  may  contribute  in  these  variations. 
There is usually a strong association between 
the  occurrence  of  cryptosporidiosis and the 
rainy season in tropical areas, or the cooler 
months in dry areas. Thus, the transmission 
of  cryptosporidiosis  in developing countries 
is  probably  different  from  that  in  the 
industrialized nations (20). One major obsta-
cle is the presence of PCR inhibitors in wa-
ter. In recent studies, PCR inhibitors are re-
moved  by  Immunomagnetic  Separation 
(IMS)  (6).  Immunomagnetic  separation 
(IMS) has increased oocyst recoveries from 
water  concentrates  (21).  The  benefits  of 
IMS, in capturing oocysts from crude sam-
ples and concentrating and processing them 
in a buffer free of PCR inhibitors, increases 
the sensitivity of detection (22), and this ap-
proach has been used to genotype oocysts in 
water and foods by many workers (23, 24) In 
the present study, we removed the inhibitors 
by  repeated  washing  of  collected  oocysts 
with  PBS  buffer.  Repeated  washings  might 
decrease the recovery rate of Cryptosporid-
ium oocysts in the samples and reduce the fi-
nal DNA concentration and the sensitivity of 
the PCR (6). 
Five  Cryptosporidium  spp.  have  been 
responsible  for  most  of  human  Crypto-
sporidial infections in developing countries; 
including C. hominis, C. parvum, C. melea-
gridis, C. canis and C. felis. They were ini-
tially found in otherwise healthy children in 
Peru in a longitudinal cohort study using a 
SSU rRNA-based genotyping tool (25), but 
have  also  recently  been  found  in  diarrheic 
children in Kenya (26). In most developing 
countries studied, C. parvum and C. hominis 
are responsible for more than 90% of human 
cases of cryptosporidiosis. Our findings indi-
cated  that  the  water  sources  were  mainly 
contaminated by animal species of  Crypto-
sporidium. In Iran, among seven isolates of 
Cryptosporidium 4 isolates were known as C. 
parvum  (27).  As  might  be  expected,  the 
presence of  several villages and farmlands 
near the study areas  with  a significant num-
ber  of  domestic  animals  ,particularly  cattle 
are consistent with our results. In Botswana, 
in early 2006 after heavy rain, thousands of 
cryptosporidiosis cases and several hundreds 
of deaths in a number of districts occurred. 
Both C. parvum and C. hominis were identi-
fied  in  infected  people,  with  the  former 
responsible for more cases (20). Bovine and 
human  genotypes  of  C.  parvum  commonly 
infect  human,  farm  and  wild  animals.  It  is 
well  established  that  farm  animals  and  hu-
man sewage discharge are generally consid-
ered the major sources of surface water con-
taminations  (28).  In  addition,  the  work  of 
Keshavarz et al. showed that C. parvum was 
common genotype in this study (29). 
Cryptosporidium  parvum  is  a  coccidian 
protozoan that has zoonotic significance. Be-
cause  of  the  broad  host  spectrum  of  this 
pathogen, inefficiency of the common drink-
ing water treatment methods, and the lack of 
reliable  therapy  in  humans,  zoonotic  geno-
types  of  Cryptosporidium  spp.  are  consid-
ered to be among the major threats found in 
water  supply  systems  (30).  From  the 
perspective of human health, cattle have of-
ten been implicated as a source of zoonotic Manouchehri Naeini  et al. : Detection and Molecular Characterization of Cryptosporidium  … 
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Cryptosporidium  species.  Risk  of  human 
infection has been based on physical contact 
with cattle, contamination of fresh fruits and 
vegetables  with  manure, and manure runoff 
from farms into drinking water supplies (28). 
Information on the source of C. parvum con-
tamination is necessary for effective evalua-
tion  and  selection  of  management  practices 
for reducing C. parvum contamination of the 
surface  water  and  the  risk  of  Crypto-
sporidisis  (28).  Differences  have  been  ob-
served among endemic areas in the propor-
tion  of  infections due to each species (20). 
Thus, identification of species and genotype 
of Cryptosporidium spp. is of public health 
importance. 
In  summary,  the  SSU  rRNA-based  PCR-
RFLP  technique  has  the  potential  to 
differentiate  among  Cryptosporidium  spp. 
and to
 assess the sources of Cryptosporidium 
parasites in environmental
 water samples. Re-
sults of the present  study  suggest that  farm 
animals, particularly cattle are
 a major source 
of contamination of recreational waters with 
Cryptosporidium oocyst. Extensive genotyp-
ing of the parasite  in  various  water  sources 
and environmental
 settings (feral, rural, urban, 
and recreational) is essential
 to have a better 
knowledge of Cryptosporidium
 spp. distribu-
tion. The results of the present study can help 
public health care systems in prevention and 
management of cryptosporidiosis.  
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